INTRODUCTION
A major goal of baccalaureate nursing education is the development and implementation of critical thinking in students. Consequently, the senior preceptored clinical experience is focused on helping students acquire the requisite knowledge and skills newly graduated nurses need to demonstrate on a regular basis. Hence, those skills basic to critical thinking and clinical decision-making feature prominently in the senior preceptorship. Now more than ever, in order to cope with a rapidly expanding nursing knowledge base, advances in science and technology, and the economic constraints within healthcare settings, nursing students need to be deft critical thinkers.
Set against the back-drop of technocentric healthcare industries, hand-held technology has emerged as an effective clinical tool that supports evidence-based practice and the complex thinking necessary for sound clinical-decision making at the point of care. [1, 2] In particular, smartphones (devices that have advanced mobile communication and portable computation capabilities) are increasingly being used by clinicians, with up to 87% of healthcare professionals using them during clinical practice for data management and accessibility. [3] [4] [5] Concomitant with the adoption of smartphones has been the development of a wide variety of software applications (programs that run on a mobile device to accomplish a specific purpose) for healthcare professionals. [6] A specific purpose of many medical mobile applications (apps) is to support clinical decision-making. For example based on their functionality, some apps provide quick easy access to evidence-based information pertaining to clinical algorithms helping clinicians understand and apply principles of disease diagnosis. Other apps help clinicians to identify appropriate laboratory and radiology tests based on patient symptoms, provide access to drug references and medical calculators. [6] The purpose of this study was to explore the impact of a smartphone application on undergraduate nursing students' critical thinking and clinical decision-making ability at the point of care during a senior preceptored clinical experience. The study is highly relevant as it explores critical thinking capacities in nursing students in their last practicum before entering the profession.
Critical thinking definition
Over the last number of decades, nurse educators have valued critical thinking as an important skill for nurses. [7] Recently, as part of critical inquiry, critical thinking was identified as an entry-to-practice competency for registered nurses. [8] While few would argue that critical thinking is a valuable skill set registered nurses ought to possess, a literature review failed to produce an agreed upon definition of critical thinking in nursing or nursing education. [9, 10] That being said, while the criteria for being a critical thinker seems to be changing, [11] the following criteria are frequently associated with a common set of skills and attitudes basic to critical thinking: i) gathering and seeking information; ii) questioning and investigating; iii) analyzing, evaluating, reassembling disparate pieces of data and making inferences; iv) problem solving including determining the appropriate way to treat the problem and application of theory; v) consulting with other healthcare team members and, vi) recognizing that patients with the same medical diagnosis may respond differently to the treatment modalities of that diagnosis. [12, 13] 
Theoretical framework
For this study, critical thinking was conceptualized as the students' intention to engage in an evaluative process based on a set of skills that results in justifiable decisions to be applied for the purpose of promoting human change. [14] Clinical decision making was defined as those thinking strategies used to gather and analyze patient information, evaluate the significance of this information and weigh alternative courses of action. Clinical decision making was also considered to be context-dependent and domain-specific, incorporating knowledge unique to nursing within a specific practice setting. [14] Critical thinking and clinical decision making are linked in so far that critical thinking is considered to be a necessary but not sufficient feature of the clinical decision making process. As others have argued, there appears to be a significant relationship between critical thinking and quality clinical decision making. [15] In short, the skills, tools and attitudes basic to critical thinking are necessary, although not sufficient, if a nurse wants to make the best decision possible in any given nursing context. They are not sufficient because only the context can provide the information to be critically reflected upon. Hence, one can see why critical thinking skills and dispositions are considered to be requisite for the operationalization of evidence-based practice. [16] 1.3 Literature review
Mobile technologies
The use of handheld devices by nurses is largely a grassroots one. As a result, it lags behind physicians in uptake. [17] That said, handheld devices are rapidly becoming an integral part of nursing practice. [18] For example, nurse practitioner students in family and pediatric clinics found that using mobile technologies enhanced knowledge acquisition and supported cooperative learning. [19] Furthermore, nurses who have used handheld devices for care planning improved patient-centered care and patient outcomes. [20] Other nurses working in acute care hospitals, home care settings, longterm care facilities, and in primary care programs reported an improvement in their skills and awareness of research evidence when they accessed clinical information resources via mobile devices. Consequently, these nurses indicated that accessing information using their mobile devices assisted them in their clinical practice [21] and improved the effectiveness and efficiency of patient care. [22] Other researchers have found that registered nurses who use mobile devices spent less time completing unnecessary paperwork [23] resulting in increased patient safety. [1, 2, 24, 25] 
Mobile technologies and undergraduate nursing students
In a systematic review of healthcare applications for smartphones, [26] applications designed for educational purposes were reported to be a particularly good way to study especially in the absence of textbooks. Students are able to access necessary information independent of place and time. [27] As a result, they have higher levels of self-efficacy [28] making them feel more effective in the provision of nursing care. [2, 29] Indeed, since students do not have to leave their patients to access information, mobile devices are thought to encourage active learning by engaging students in information seeking activities. Theoretically, students are thereby supported in their provision of a safer, higher quality of patient care. [27, 28] However, vanVelsen et al. have found that the great number of health apps available for smartphones has created difficulty for healthcare professionals in finding the right app resulting in fragmentation of information and app overload.
Despite reports that the use of mobile devices support evidence-based practice and the complex thinking necessary for sound clinical decision-making, [28] discussion in the literature regarding the advantages on mobile technology is largely descriptive and anecdotal. [31] In a mixed-method descriptive pilot study, students and staff nurses reported positive results on the ability to make clinical decisions and improved confidence in patient care while using smartphones. [32] On the other hand, in a comparative descriptive study [33] that explored the use of mobile technologies to support clinical reasoning in senior undergraduate nursing students completing a 14-week clinical course which included students' questioning practices, propensity to seek answers to questions, and articulation of their rationale for interventions, Kuiper concluded that it was inappropriate to claim that personal digital assistant (PDA) resources reduced medication errors and healthcare costs, improved diagnostic reasoning, or promoted the development of effective treatment protocols. This is due to the absence of any statistically significant differences in clinical reasoning between PDA users and non-PDA users. Given the apparent conflicting evidence, further research is needed.
Background
The use of handheld technology in nursing curricula began about 20 years ago with the introduction of PDAs. [34] The Canadian Association of Schools of Nursing (CASN), the national organization for undergraduate nursing education in Canada where this study took place, states that all newly graduated registered nurses should possess nursing informatics competencies so that they might be able to function efficiently, effectively, and safely in an increasingly technology-enabled practice environment. [35] Thus, like our American counterparts, Canadian nursing programs have been encouraged to incorporate technology into nursing curricula. [36] [37] [38] However, more than half of Canadian undergraduate nursing schools do not have a strategic plan or vision with goals and supportive policies for the integration of nursing informatics (NI) and information and communication technologies (ICT). This is a significant shortcoming, and one that may be responsible for the NI knowledge gap in new graduates. [38] As a result, the use of mobile technologies is not only inconsistent across Canadian undergraduate nursing programs, but their impact on students' critical thinking and clinical decision making ability at the point of care is at best, unknown, and at its worst, totally absent.
There are thousands of medical, healthcare, and fitness smartphone apps available for download. [4] That being said, some studies have found that nurses who use mobile devices at the point-of-care want access to reference sources and textbooks, drug reference information, intravenous compatibility guidelines, and institutional policies and procedures. [21, 39] Using the criterion of comprehensiveness and accessibility, we determined that the PEPID Professional Nurse Suite package offered the most comprehensive suite of resources in line with the purpose of this study. The suite includes clinical/medical information for over 2300 health conditions, nursing diagnoses, medication and intravenous compatibility, recently published research, laboratory and diagnostic information, and patient teaching information. Furthermore, because PEPID Professional Nurse Suite is a native app (an application that has been developed for use on a particular platform or device), access to the Internet while using it is not required. Thus, the students were able to turn their smartphone to 'airplane' mode while in the practice setting. This addressed concerns that the smartphone signal might interfere with medical equipment, and that students might access social media sites for non-professional purposes. Importantly, regular updates were available, and could be downloaded from personal home computers.
Setting
The undergraduate nursing program where this study was conducted is located in the province of Alberta, Canada. Data were collected from May 2013 to December 2014 during the senior preceptored clinical course. This clinical course is 350 hours in duration and takes place in a practice setting of the student's choosing under the supervision of a registered nurse preceptor. The participants in this study completed their preceptorship on medical, surgical, or critical care units (emergency or intensive care) in an urban tertiary hospital.
Ethics
Ethics approval was obtained from the university's research ethics committee (Protocol #2013-021). Participant rights were verbally explained during recruitment and prior to completing the first questionnaire. Patient confidentiality and infection control measures related to mobile phone use at the point of care as per institutional policy were explained. Recruitment was undertaken during orientation to the preceptorship course by the principal investigator and/or research assistant both of whom had no previous contact with the potential participants and no formal ongoing relationship. Study procedures were explained and questions answered at the outset of the study. Return of the completed questionnaires throughout the study implied consent and continued participation. To ensure confidentiality, each participant was assigned a code number. Only the principal investigator and research assistant had access to the list of participant names and codes. The questionnaires at the end of the preceptorship were returned to the research assistant via email. Once participant data were entered into a spreadsheet, the list linking participant names and code numbers was destroyed. Only after the data were anonymized did other members of the team have access to the data. Participants were compensated for their participation in the study by having access to the app free of charge for the duration of the preceptorship.
METHODS

Design
A pretest-posttest approach was used to answer the question: What is the effect of mobile technologies on undergraduate nursing students' perception of their ability to engage in critical thinking and clinical decision-making abilities at the point of care?
Participants Fourth year undergraduate nursing students at the researchers' university who were completing their preceptorship were invited to participate in the study. A convenience sample of 30 students completed and returned the questionnaire. All participants were instructed to use the app as well as resources normally used during clinical courses: textbooks, policy and procedure manuals, research articles, and drug guides. Ninety six percent of participants reported feeling very comfortable using mobile technologies and in their ability to monitor and review their practice skills (mean = 3.77/5). Therefore, homogeneity was assumed.
Data collection
The questionnaires used to measure the critical thinking and clinical decision making ability of the participants were the Clinical Decision Making in Nursing Scale (CDMNS) [40] and Clinical Effectiveness and Evidence Base Practice Questionnaire (EBPQ). [41] Both of these questionnaires have been extensively used and supported the focus and aim of the proposed research study. Cronbach's alpha for the former was 0.83 and 0.87 for the latter. Both questionnaires used a 5 point Likert scale with responses ranging from never (1) to always (5) . The CDMNS has 40-items and the EBPQ has 25-items. The questionnaire was completed during the orientation to the preceptorship (T1) and at the end of the preceptorship (T2). To encourage students to complete and return the questionnaires, the research assistant sent reminder text messages and/or emails to the participants. 
Data analysis
RESULTS
In short, there was no difference in students' overall perceived critical thinking ability over time (CDMNS: p = .212). However, there were some statistically significant differences between the participants' perception in their ability to engage in evidence-based practice (EBPQ) over time (see Table  1 ). This finding suggests that as participants use of the app increased over time, they believed it would consistently provide the answers they needed. Participants remained satisfied with the information the app was providing. Hence, they were less likely to question that information or to seek other sources of information such as institutional policies. As such, any disconfirming information was not in their purview. 
DISCUSSION
In keeping with Kuiper's [33] and Gorelick [31] conclusions, the findings of this study suggest that the use of a clinical mobile app did not significantly influence undergraduate nursing students' perceived ability to think critically while engaged in decision-making. It is plausible that the participants may not have considered the patient's context demonstrating a lack of context-sensitivity. [42] As well, the participants may have oversimplified their thinking, failing to look beyond the obvious. This can lead to overgeneralizing pieces of information, and uncritically engaging in either-or thinking that ignores the possibility of multiple answers to common questions. It is important to note however, that the participants anecdotally reported that they were frequently asked by nursing staff to retrieve information which allowed them to establish positive rapport with the staff. Relationships with staff members are a factor that positively affects students' ability to learn and engage in clinical decision-making and better understanding of the clinical picture. [43] This may be due to the increasing value placed upon collaborative thinking within the decision-making process.
Contrary to the findings of other studies where multiple sources of information were viewed as desirable, [21, 39] the students in this study seemed to be satisfied with using the app as their only major source of information. Consequently, they may not have felt the need to expand their search for information beyond the app itself. Accordingly, other important pieces of information such as institutional policies and procedures were not consulted. This is deeply significant. Making clinical decisions without thinking critically about the reliability of all relevant sources of information can seriously jeopardize patient safety. On the other hand, like other studies, [29, 44] these student may have perceived that their ability to engage in evidence-based practice was enhanced due to their success in information retrieval.
Implications
Intuitively, the use of mobile technologies seems like an appropriate practice for health care professionals. Mobile technologies themselves can be an important resource for clinical practice because of their accessibility. As well, their use is consistent with the notion that clinical decision support is a core function of health information systems. [45] Given the results of this study, however, nurse educators must teach students to think critically about the information accessed through those mobile technologies. Nurse educators need to encourage students to be active learners who value thinking critically about the relevance of the information available through the app when making decisions about patient care. In short, nursing educators need to nurture a sensitivity to context that prevents students from becoming overly dependent on the app itself. [46] This is more likely to occur if, nursing students are encouraged to use their critical thinking skills while accessing information on the app. Notably such a requirement attends to the kind of critical thinking nurses need to regularly demonstrate on a shift.
To this end, nurse educators need to infuse critical thinking into their daily, ongoing instructional contexts in order to make the best decisions possible. Such a focus will not only help nursing students develop their critical thinking skills but nurture a spirit of critical inquiry as well. For example, nurse educators can role model the proper use of critical thinking through the think-aloud method. [47, 48] Moreover, students need to understand that although apps like the one used in this study are comprehensive, key information sources like institutional policies and procedures are not included in them. This means that students need to see how nurses actually utilize information from many sources in resolving identified problems. Importantly and in support of Sullivan's [46] recommendation, students in all levels of a nursing program need to observe what nurses are doing when they are thinking critically. That is, they are asking probing questions, identifying and questioning assumptions and inferences, seeking out multiple perspectives, incorporating diverse points of view, and being context-sensitive in their decision making.
Limitations
As is the case with all research, the findings of this study should be interpreted within the context of its limitations. This was a cross-sectional study of students in one program with a relatively small sample size. Since mobile device studies usually have a small number of participants due to high costs for hardware and software, [27] generalizability of the findings to other undergraduate nursing students is limited. Self-report is also notoriously problematic as it is subjective and may not be entirely representative of respondents' abilities. Therefore, it is possible that the participants conflated their ability and competence in critical thinking and clinical decision making in their self-report. [49, 50] Longitudinal studies from the first year to the end of the program would enhance our knowledge of how mobile technologies support students' critical thinking and clinical decision making abilities.
CONCLUSION
The use of mobile technologies including applications has become widely popular among nurses and nursing students. These technologies are assuming an increasingly prominent position in healthcare settings. In order to protect the public and provide safe, effective and efficient nursing care, however, students need to recognize the value of thinking critically when using these technologies to make sound decisions. They need to see critical thinking as the basis for their clinical decision-making. Hence, nurse educators need to be knowledgeable of a variety of critical thinking skills, strategies and attitudes. This background knowledge has the potential to promote a deeper professionalism in nursing education, holding nursing students accountable in the decisions they make when using mobile technologies.
Health care will continue to expect nurses to solve more complex problems, make better decisions, and be more in-novative problem-solvers and problem-posers. Our role as nurse educators is to ensure our students have the requisite critical thinking skills and attitudes necessary for the provision of high-quality evidence based care. Whether it is using mobile technologies on a shift or listening to patients at their bedside, a nurse who can think critically about what to do next, is more likely to make good decisions in a variety of nursing contexts.
